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Abstract 
In the original papers of K. Lewin we find a mathematical model of human behavior. The basic concepts are a topological space 
and vectors leading to the hodological space. The model is non-quantitative. The aim of this paper is to present a down to the 
earth analysis of the differences between the non-quantitative model and quantitative models. From an empirical point of view 
(event management) we discuss quantitative instances of the model, including the social forces model. Some comments to the 
geometry of other models are also presented. 
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1. Introduction 
The aim of this paper is to present a down to the earth analysis of the differences between qualitative and 
quantitative models of human behavior in pedestrian dynamics from the point of view of event management. The 
main question is the interplay between the psychological and the physical aspects to be considered. Outgoing from 
the concept of neighborhood we introduce in the second section the concept of a topological space and then the 
concept of the hodological space. In this paper we do not talk about the philosophical aspects of the field theory. In 
the third section we sketch the construction of a quantitative model based on the qualitative one. References and 
comments to some known quantitative models are presented in this section as well. Because of the reduced extension 
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of the paper we do not present a sound discussion of the main topics neither we include examples illustrating the 
ideas. 
2. The qualitative model 
We introduce a definition of model: A dynamic system is a collection of interacting entities that produces some 
form of behavior that can be observed over an interval of time. A model is a representation or abstraction of the 
system (Birta and Arbez (2007)). A qualitative model uses qualities as dimensions, say comfortable, cold, anxiety. A 
quantitative model uses numbers and specified units. 
The Euclidian space is not suited to represent the structure of the social field of a group of persons (Lewin (1951)). 
We could express this idea on a rather familiar way: the dimensions of a room are different, depending on the 
objective or subjective personal point of view and feeling comfortable depends to some extent on the dimensions of 
the space you are in or you are moving on. Field Theory was developed as a model of the psychological life 
including a concept of space suited to express psychological movements (behavior). Defining Field Theory is a 
difficult task. We present a definition: 
 Field Theory is probably best characterized as a method: namely, a method of analyzing causal relations and of 
building scientific constructs (Lewin (1951)). Therefore, Field Theory is not a theory we could tell being right or 
wrong. It is a way of analyzing the psychological world. It is also an empirical approach. A corner stone of the Field 
Theory is the importance of logical coherence, i.e. avoiding contradictions. This is the reason why mathematics 
plays an important role. In this paper we present only one of the mathematical concepts included in the theory: the 
hodological space. 
2.1. The qualitative space  
In order to introduce the concept of a topological space we could imagine a person and some space around this 
person. The shape of the space is not important by the moment. We call this space a neighborhood of the person. We 
say a neighborhood and not the neighborhood because many different neighborhoods are thinkable. If two persons 
are near enough, then their neighborhoods will have an intersection, a common neighborhood. If we consider a 
group then we find a neighborhood including all individual neighborhoods, the union of all of them. This definition 
of neighborhood makes implicit application of the concept of distance. An abstraction of this idea leads to the 
definition of a topological space. We make no use of a distance. We simply distinguish a special kind of subsets of a 
set: the open sets. Then we have a definition like the following one: A topological space is a set containing subsets. 
Some of them are called open sets. The open subsets have three basic properties: the empty set and the whole space 
are open subsets, the intersection of any two open sets is an open set and the union of an arbitrary collection of open 
sets is an open set.  
We can recognize at some extent: the open subsets are an abstraction of the neighborhood of a person. One 
advantage of this definition is its qualitative nature. This is the reason why Lewin thought the topological space 
could be a base to develop a concept of a psychological space.  
Nevertheless, the topological space is not suited to represent dynamical psychological problems because of the 
lack of the concepts of orientation and distance. Without this concepts, forces may not be expressed. Now, outgoing 
from the topological space, we introduce the hodological space. An important remark should be presented: 
The hodological space is a concept representing an empirical space. This is a diversity of facts showing specific 
forms of interaction at some time (Lewin (1951)). This is actually the definition of dynamical system given above. 
The expression hodological space means something like the space where you find the paths. The hodological 
space is a set consisting of regions also called cells. A region has a boundary. The regions may be adjacent or not 
and they may contain subregions. Nevertheless, the space has a finite structure, this means, the regions of the space 
may not be subdivided without limits. A point is not a region. Two regions or cells a and b are neighbors if they 
share a boundary and nothing else. We can recognize: the open subsets are now regions or cells. They represent 
domains in the psychological world of a person or group of persons. In the hodological space there is a concept we 
do not find in the topological space, the concept of independence of cells. The cells a and b are independent if a 
change in a until some limits, does not produce a change in b. 
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Direction and distance are defined by specified paths. The distance between the cell a and the cell b is defined as 
the minimal number of cells a path crosses starting from a and ending at b. The direction is given by tracking the 
cells a path is crossing. 
A vector is a mathematical object characterized by direction and length. The psychological analogous object can 
be defined as direction and distance definitions have been already provided.  
The concept of locomotion is defined as a change of position in the psychological space. This is actually the 
behavior of a person. This idea has to be underlined. 
It is important to point out: locomotion having the same direction in the physical space may have different 
directions in the psychological space. A force is a tendency to locomotion. This forces are psychological or social 
forces. 
We have a description of the hodological space. It is a set of cells representing the domains of the psychological 
world of an individual or a group. There is a notion of distance and a notion of direction. A change of position in the 
hodological space corresponds to what is called behavior. A movement in the hodological space is motivated by 
intensions, reactions or needs among other reasons. This is the reason why the shortest way in the psychological 
space could be a very long one in the physical space in case you have to avoid an obstacle in between. A short 
distance in the physical space can also be a huge distance in the hodological space if the psychological 
circumstances are not favorable.  
3. The quantitative models 
If a qualitative model is given then, an interesting question is: Is it possible to define a quantitative model out 
from the qualitative one? If numbers are given, then computations are possible. This means that numerical 
simulations can be performed.  
A very interesting quantitative model based on the qualitative model presented by the field theory is the social 
forces model (Helbing and Molnar (1995); Chraibi et al. (2009); Steffen and Seyfried (2008)). An overview can be 
found in Kluepfel and Meyer-Koenig (2005). One of the main problems is to calibrate the quantitative parameters 
that are used (Schadschneider and Seyfried (2009)). 
In this paper we are constricted. We discuss only the concept of physical space in relationship to the hodological 
space. If we reconsider the neighborhood of a person or a group we have the first quantitative element of the 
quantitative model. This is nevertheless a difficult task. Although we are using the usual concept of distance in the 
physical world, the shape and extension of the neighborhood is something that has to be determined not only 
depending on the affordable physical space but also on the information included in the psychological space. The 
psychological world includes information about cultural patterns.  
Some models use circles (Helbing and Molnar (1995)). Another models use squares (Kluepfel and Meyer-Koenig 
(2005)). Some others elliptical shapes to represent individuals (Predtetschenski and Milinski (1971)). The reasons 
for the choice are connected to the theoretical background or the restrictions imposed by an implementation. 
Empirical interdisciplinary research is the best source of information to determine the size and shape of the 
neighborhood. Here again, we emphasize: the shape of the neighborhood in the physical world changes if we take 
account of the psychological space. One example can be observed in concerts where all persons are standing. The 
physical shape of the neighborhood could be elliptical, having the main axis in the direction of the next persons 
aside. But, in fact, if there is enough place, it is possible to observe that the shape is elliptical but the main axis 
orientation is to the person in front or correspondently behind. The reasons are psychological. The desired distance 
back and forwards is greater than the one desired to the left and to the right. The physical shape of the space 
containing all neighborhoods is usually given by the geometry of the location (space). The size of the intersection of 
two neighborhoods has not only physical but also psychological bounds. A typological description of the event is 
very important in order to determine some quantitative parameters of the model (Paul and Sakscheswski (2012)).  
Direction in the quantitative model is usually given by the usual concept of direction in the physical world. As 
already said, the shortest way in the physical world is not always the shortest in the psychological world. This 
includes changes in the direction of a movement in the physical world. 
The concept of force is one of the most difficult to implement concerning the task of building a quantitative 
instance of the psychological one. Helbing uses the classical definition of force as a product of mass times 
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acceleration. He considers the difference between intended and actual velocity to obtain acceleration. The 
motivation to move in a given direction with a determined velocity is expressed by a factor that is multiplied by the 
velocity. Helbing introduces quantities marked as vectors and called gradient of approach or avoidance. This 
quantities are not forces although they give account of the direction and strength of psychic motivation (Helbing 
(1998)). Determining this factors is then an empirical task. Another well-known model uses also factors in order to 
distinguish the kind of situation modeled (Predtetschenski and Milinski (1971)). 
4. Conclusions 
A quantitative physical model of human behavior having no interplay with a qualitative psychological model 
cannot be realistic enough. An instance of a psychological model faces difficulties. In case of the hodological space 
we saw that using the idea of neighborhood we find a way of starting in the physical world and obtain an approach 
to the definition of the psychological space (hodological space). Then we can turn back to the physical space. A 
movement in the hodological space represents the behavior of the person. A movement in the physical world is the 
behavior of the person in the physical world but cannot be understood if we do not consider the psychological one. It 
is not easy to represent motivation in the physical space. We should also bear in mind: that the psychological space 
of a group is not yet known if we know the space of the individuals. Empirical attempts reflecting the diversity of 
the psychological world are needed to validate quantitative models.  
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